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LETTER TO THE EDITOR

A uniform system for microRNA annotation
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ABSTRACT

MicroRNAs (miRNAs) are small noncoding RNA gene products about 22 nt long that are processed by Dicer from precursors
with a characteristic hairpin secondary structure. Guidelines are presented for the identification and annotation of new miRNAs
from diverse organisms, particularly so that miRNAs can be reliably distinguished from other RNAs such as small interfering
RNAs. We describe specific criteria for the experimental verification of miRNAs, and conventions for naming miRNAs and
miRNA genes. Finally, an online clearinghouse for miRNA gene name assignments is provided by the Rfam database of RNA

families.
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MicroRNAs (miRNAs) are small noncoding RNA gene
products about 22 nt long that are found in diverse organ-
isms, including animals (Lagos-Quintana et al. 2001; Lau et
al. 2001; Lee and Ambros 2001; Mourelatos et al. 2002) and
plants (Llave et al. 2002a; Park et al. 2002; Reinhart et al.
2002). The founding members of this class of noncoding
RNAs are the lin-4 and let-7 gene products of Caenorhab-
ditis elegans (Lee et al. 1993; Reinhart et al. 2000; for review,
see Pasquinelli and Ruvkun 2002). Although lin-4 and let-7
were identified by standard positional cloning of genetic
loci, most miRNA genes are discovered through cDNA
cloning of sequences from size-fractionated RNA samples.
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One pitfall of miRNA gene hunting by cDNA cloning is that
fragments of other noncoding RNAs (such as rRNAs,
tRNAs, and snRNAs), as well as messenger RNAs, are also
cloned from size-selected RNA samples. Candidate miRNA
sequences can be readily tested using sequence-matching
searches to annotated databases to flag most of these con-
taminating non-miRNA sequences. A more difficult task is
differentiating miRNAs from other classes of small RNAs
that might be present in the cell, particularly endogenous
small interfering RNAs (siRNAs). Not only is the misclas-
sification of the siRNAs undesirable, but because innumer-
able siRNAs are generated from each double-stranded RNA
(dsRNA) precursor, it would be problematic to give each
endogenous siRNA a different gene name. Another factor to
consider when annotating miRNA genes is that many
miRNA sequences are evolutionarily conserved (Lagos-
Quintana et al. 2001; Lau et al. 2001; Lee and Ambros 2001;
Mourelatos et al. 2002; Park et al. 2002; Reinhart et al.
2002). Thus, giving the same name to obvious orthologs is
useful, and giving the same name to unrelated sequences
from different organisms causes confusion. For these rea-
sons, we suggest the adoption of a consistent set of guide-
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lines for the classification of small RNAs as bona fide
miRNAs, and provide a mechanism for the assignment of
miRNA gene names.

MicroRNAs and siRNAs cannot be distinguished on the
basis of their functions. Although siRNAs trigger the cleav-
age of target mRNAs (Zamore 2002), and the canonical
miRNA, lin-4, is a translational repressor that does not in-
fluence target mRNA abundance (Olsen and Ambros 1999),
other miRNAs recognize their targets and direct RNA cleav-
age as if they were siRNAs (Hutvagner and Zamore 2002;
Llave et al. 2002b; Rhoades et al. 2002; Zeng et al. 2002).
Even if miRNAs could be distinguished from siRNAs based
on function, there is often the need to name a gene before
the function is elucidated. The biochemical compositions of
miRNA and siRNA molecules are also indistinguishable,
both having the characteristic features of Dicer products
(20-25 nt length, 5'-phosphate, and 3’-hydroxyl). Thus,
miRNAs are most readily distinguished from siRNAs based
on unique aspects of their biogenesis. Biological siRNAs
come from long exogenous or endogenous dsRNA mol-
ecules (very long hairpins or bimolecular duplexes), pro-
cessed such that numerous siRNAs accumulate from both
strands of the dsRNA. MicroRNAs come from endogenous
transcripts that can form local hairpin structures, which
ordinarily are processed such that a single miRNA molecule
accumulates from one arm of a hairpin precursor molecule.
Sometimes the primary transcript contains multiple hair-
pins, and different hairpins give rise to a different miRNAs.
These are considered polycistronic miRNA transcripts, and
each hairpin is given a unique gene name.

Given the desire to avoid designating siRNAs or frag-
ments of other RNAs as miRNAs, miRNAs are identified
using a combination of criteria for both their expression
and biogenesis.

Expression criteria

A. Detection of a distinct ~22-nt RNA transcript by hy-
bridization to a size-fractionated RNA sample (ordinar-
ily by the Northern blotting method).

B. Identification of the ~22-nt sequence in a library of
cDNAs made from size-fractionated RNA. Such se-
quences must precisely match the genomic sequence of
the organism from which they were cloned (except as
noted below).

Biogenesis criteria

C. Prediction of a potential fold-back precursor structure
that contains the ~22-nt miRNA sequence within one
arm of the hairpin. In this criterion, the hairpin must be
the folding alternative with the lowest free energy, as
predicted by mfold (Mathews et al. 1999) or another
conventional RNA-folding program, and must include
at least 16 bp involving the first 22 nt of the miRNA and
the other arm of the hairpin. It should not contain large
internal loops or bulges, particularly not large asymmet-
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ric bulges. In animals, these fold-back precursors are
usually about 60-80 nt, whereas in plants, they are more
variable, and may include up to a few hundred nucleo-
tides.

D. Phylogenetic conservation of the ~22-nt miRNA se-
quence and its predicted fold-back precursor secondary
structure. The conserved hairpin should meet the same
minimal pairing requirements as in criterion C, but
need not be the lowest free energy folding alternative.

E. Detection of increased precursor accumulation in organ-
isms with reduced Dicer function.

None of the above criteria on its own is sufficient for a
candidate gene to be annotated as a novel miRNA, because
evidence of expression alone (A or B) would not exclude
siRNAs, and a hairpin structure (C or D) is not a unique
characteristic of miRNA biogenesis, nor is Dicer processing
(E). Therefore, evidence of both expression and biogenesis
characteristic of miRNAs are required. Ideally, a miRNA
would be identified based on strong evidence that an asym-
metric ~22-nt product accumulates in vivo, and that the
product is processed from a phylogenetically conserved
hairpin precursor by Dicer (A + D + E). However, in the
absence of processing data, A + D is sufficient. Note that
criterion A, which involves data about abundance of a ~22-
nt RNA, is a stronger expression criterion than is B. Simi-
larly, D is a stronger criterion for a hairpin precursor than
is C, because D incorporates phylogenetic conservation to
support the precursor structural prediction. Therefore, cri-
terion C should be supported by strong expression data
(A +C), and criterion B should be supported by strong
biogenesis data (B + D). In a case where the ~22-nt miRNA
is not detected or cloned, a candidate gene can still be
annotated as an miRNA gene if a phylogenetically con-
served hairpin precursor can be detected and is shown to
accumulate in organisms depleted in Dicer function
(D + E). However, this latter situation should be ap-
proached with special care, as other classes of hairpin-con-
taining RNAs might be metabolized by Dicer.

Homologs of previously validated miRNAs need not
meet as stringent criteria to be annotated as additional
miRNA loci. Very close homologs in other species can be
annotated as miRNA orthologs without experimental vali-
dation, provided they satisty criterion D. In cases where a
c¢DNA sequence does not match the available genomic se-
quences, if that precise cDNA was nevertheless cloned mul-
tiple times (criterion B) and is close in sequence to a known
miRNA, it can be annotated as a variant form of the known
miRNA. Candidates can also be identified based on se-
quence similarity to authenticated miRNAs from the same
species. When such a candidate is so similar in sequence to
the known miRNA that the probe designed to detect it
would surely cross-hybridize with the known miRNA, cri-
terion A need not be satisfied, and the candidate can be
annotated as a variant form of the known miRNA, provided
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that the candidate itself meets criterion C, and there is also
very high confidence that one of these paralogs is a con-
firmed miRNA (i.e., its classification is supported by at least
three of the listed criteria). When there are two or more
mismatches between the miRNA paralogs such that probes
could differentiate between the species on Northern blots,
criterion A must be satisfied experimentally. Sometimes
partially overlapping cDNA sequences are identified from
the same locus; these are assumed to represent differentially
processed products from the gene.

MicroRNAs come from a single-molecule fold-back
(hairpin) structure; RNAs that are processed by Dicer from
a hybrid between two antiparallel transcripts are siRNAs
and not miRNAs. Thus, an observation that ~22-nt RNAs
are produced from both a sense and an antisense transcript
is evidence of siRNAs. Because essentially all miRNA pre-
cursors described so far produce a mature microRNA pref-
erentially from either the 5" or 3’ fold-back strand, cases
where both strands accumulate as ~22-nt RNAs should war-
rant caution. Similarly, no known microRNA precursors
have yet been found that produce multiple nonoverlapping
mature miRNAs from the same arm of the foldback pre-
cursor. Therefore, such cases should also be carefully con-
sidered as possible siRNAs; at any rate, it is recommended
that each hairpin structure be considered a single gene, and
all mature miRNAs from that hairpin should be annotated
as alternatively processed gene products.

MicroRNAs are named using the “miR” prefix and a
unique identifying number (e.g., miR-1, miR-2, . . . miR-89,
etc.). The genes that encode the miRNA are also named
using the same three-letter prefix, with capitalization, hy-
phenation, and italics according to the conventions of the
organism (for example, mir-1 in C. elegans and Drosophila,
MIR156 in Arabidopsis and rice). The identifying numbers
are assigned sequentially, with identical miRNAs having the
same number, regardless of organism. Nearly identical or-
thologs can also be given the same number, at the discretion
of the researcher. For example, miR-1 of Drosophila differs
by a single nucleotide from miR-1 of C. elegans and hu-
mans. Identical or very similar miRNA sequences within a
species can also be given the same number, with their genes
distinguished by letter and/or numeral suffixes, according
to the convention of the organism (e.g., the ~22-nt tran-
scripts of Drosophila mir-13a and mir-13b are slightly dif-
ferent in sequence, whereas those of mir-6-1 and mir-6-2
are identical; Lagos-Quintana et al. 2001).

An online clearinghouse for miRNA gene name assign-
ments (http://www.sanger.ac.uk/Software/Rfam/mirna/) is
provided by the Rfam database of RNA families (Griffiths-
Jones et al. 2003). The primary purpose of the clearinghouse
is to assign unique gene names to distinct miRNAs while
maintaining complete confidentiality for unpublished data.
To avoid accidental overlap, Rfam will assign a name only
after a paper describing the sequence has been accepted for
publication. This resource also provides a searchable data-

base of published miRNAs and aims to facilitate the evalu-
ation of candidate sequences according to the above guide-
lines.

ACKNOWLEDGMENTS

The publication costs of this article were defrayed in part by pay-
ment of page charges. This article must therefore be hereby
marked “advertisement” in accordance with 18 USC section 1734
solely to indicate this fact.

Received November 12, 2002; accepted December 4, 2002.
REFERENCES

Griffiths-Jones, S., Bateman, A., Marshall, M., Khanna, A., and Eddy,
S.R. 2003. Rfam: An RNA family database. Nucleic Acids Res. 31:
439-441.

Hutvagner, G. and Zamore, P.D. 2002. A microRNA in a multiple-
turnover RNAi enzyme complex. Science 297: 2056—2060.

Lagos-Quintana, M., Rauhut, R., Lendeckel, W., and Tuschl, T. 2001.
Identification of novel genes coding for small expressed RNAs.
Science 294: 853-858.

Lau, N.C,, Lim, L.P., Weinstein, E.G., and Bartel, D.P. 2001. An abun-
dant class of tiny RNAs with probable regulatory roles in Cae-
norhabditis elegans. Science 294: 858—862.

Lee, R.C., Feinbaum, R.L., and Ambros, V. 1993. The C. elegans het-
erochronic gene lin-4 encodes small RNAs with antisense comple-
mentarity to lin-14. Cell 75: 843-854.

Lee, R.C. and Ambros, V. 2001. An extensive class of small RNAs in
Caenorhabditis elegans. Science 294: 862—864.

Llave, C., Kasschau, K.D., Rector, M.A., and Carrington, J.C. 2002a.
Endogenous and silencing-associated small RNAs in plants. Plant
Cell 14: 1605-1619.

Llave, C., Xie, Z., Kasschau, K.D., and Carrington, J.C. 2002b. Cleav-
age of Scarecrow-like mRNA targets directed by a class of Arabi-
dopsis miRNA. Science 297: 2053-2056.

Mathews, D.H., Sabina, J., Zuker, M., and Turner, D.H. 1999. Ex-
panded sequence dependence of thermodynamic parameters im-
proves prediction of RNA secondary structure. J. Mol Biol.
288: 911-940.

Mourelatos, Z., Dostie, J., Paushkin, S., Sharma, A., Charroux, B.,
Abel, L., Rappsilber, J., Mann, M., and Dreyfuss, G. 2002. miRNPs:
A novel class of ribonucleoproteins containing numerous micro-
RNAs. Genes & Dev. 16: 720-728.

Olsen, P.H. and Ambros, V. 1999. The lin-4 regulatory RNA controls
developmental timing in C. elegans by blocking LIN-14 protein
synthesis after the initiation of translation. Dev. Biol. 2: 671-680.

Park, W., Li, J., Song, R., Messing, J., and Chen, X. 2002. CARPEL
FACTORY, a Dicer Homolog, and HEN1, a Novel Protein, Act in
microRNA  metabolism in Arabidopsis thaliana. Curr. Biol.
12: 1484-1495.

Pasquinelli, A.E. and Ruvkun, G. 2002. Control of developmental
timing by microRNAs and their targets. Annu. Rev. Cell. Dev. Biol.
18: 495-513.

Reinhart, B.J., Slack, F.J., Basson, M., Pasquinelli, A.E., Bettinger, J.C.,
Rougvie, A.E., Horvitz, H.R., and Ruvkun, G. 2000. The 21-
nucleotide Jet-7 RNA regulates developmental timing in Cae-
norhabditis elegans. Nature 403: 901-906.

Reinhart, B.J., Weinstein, E.G., Rhoades, M.W., Bartel, B., and Bartel,
D.P. 2002. MicroRNAs in plants. Genes & Dev. 16: 1616-1626.
Rhoades, M.W., Reinhart, B.J., Lim, L.P., Burge, C.B., Bartel, B., and
Bartel, D.P. 2002. Prediction of plant microRNA targets. Cell

110: 513-520.

Zamore, P.D. 2002. Ancient pathways programmed by small RNAs.
Science 296: 1265-1269.

Zeng, Y., Wagner, E.J., and Cullen, B.R. 2002. Both natural and de-
signed microRNAs can inhibit the expression of cognate mRNAs
when expressed in human cells. Mol. Cell 9: 1327-1333.

www.rnajournal.org 279


http://rnajournal.cshlp.org/
http://www.cshlpress.com

Downloaded from rnajournal.cship.org on November 13, 2020 - Published by Cold Spring Harbor Laboratory Press

@ RNA

A PUBLICATION OF THE RNA SOCIETY

A uniform system for microRNA annotation
VICTOR AMBROS, BONNIE BARTEL, DAVID P. BARTEL, et al.
RNA 2003 9: 277-279

Related Content  Numerous microRNPs in neuronal cells containing novel microRNAs
JOSEE DOSTIE, ZISSIMOS MOURELATOS, MICHAEL YANG, et al.
RNA May , 2003 9: 631-632 A microRNA array reveals extensive regulation of
microRNAs during brain development
ANNA M. KRICHEVSKY, KEVIN S. KING, CHRISTINE P. DONAHUE, et al.
RNA March , 2004 10: 551

References This article cites 17 articles, 9 of which can be accessed free at:
http://rnajournal.cshlp.org/content/9/3/277 full.html#ref-list-1

Articles cited in:
http://rnajournal.cshlp.org/content/9/3/277 full.html#related-urls

License

Email Alerting  Receive free email alerts when new articles cite this article - sign up in the box at the
Service top right corner of the article or click here.

SMART® cDNA = library prep: (@) TakaRa
now all from one source ke

To subscribe to RNA go to:
http://rnajournal.cship.org/subscriptions

Copyright 2003 by RNA Society


http://rnajournal.cshlp.org/content/rna/9/5/631.full.html
http://rnajournal.cshlp.org/content/rna/10/3/551.full.html
http://rnajournal.cshlp.org/content/9/3/277.full.html#ref-list-1
http://rnajournal.cshlp.org/content/9/3/277.full.html#related-urls
http://rnajournal.cshlp.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by& saveAlert=no&cited_by_criteria_resid=rna;9/3/277&return_type=article&return_url=http://rnajournal.cshlp.org/content/9/3/277.full.pdf
http://rnajournal.cshlp.org/cgi/adclick/?ad=54946&adclick=true&url=https%3A%2F%2Fwww.takarabio.com%2Flearning-centers%2Fnext-generation-sequencing%2Ftechnology-and-application-overviews%2Fsmart-seq-plus-solutions%3Futm_source%3DBA%26utm_medium%3DPA%26utm
http://rnajournal.cshlp.org/subscriptions
http://rnajournal.cshlp.org/
http://www.cshlpress.com

